Objectives-To evaluate the concordance between thallium-201 uptake and echocardiographic wall thickening, which are both indicators of potentially reversible myocardial dysfunction, in patients with chronic ischaemic left ventricular failure and to assess their relative contribution to predicting improvement in regional function after revascularisation in a subgroup. Patients and methods-45 patients with chronic ischaemic left ventricular dysfunction (mean (SD) ejection fraction 25 (8)%) underwent echocardiography before and after dobutamine infusion (10 4uglkglmin). Of these, 22 patients underwent rest echocardiography at a mean (SD) of 9 (1) weeks after revascularisation. 201Tl imaging was performed during dobutamine echocardiography and at rest, 1, and 4 h after treatment with sublingual glyceryl trinitrate on two separate days. Potentially reversible dysfunction was thought to be present when a myocardial segment contained a T1 score of > 3 (ascending score 1-4), or showed improved wall thickening of a dysynergic segment during dobutamine stimulation. Results-Of the 201TI protocols, the redistribution scan 1 h after treatment with glyceryl trinitrate best demonstrated myocardial viability. Concordance between 201TI and dobutamine induced wall thickening was 82% (Kc = 0.59) for detecting potentially reversible myocardial dysfunction before revascularisation (n = 45). Regional function improved in 18 of 22 patients after revascularisation. There were 168 dysynergic segments before intervention. The sensitivity of echocardiography and 201TI imaging for detecting "recoverable" or viable segments after revascularisation was 87% and 92% respectively and specificity was 82% and 78% respectively (P = NS). Conclusions-Dobutamine echocardiography and I0'Tl imaging may be used to predict mechanical improvement in dysynergic segments after revascularisation in patients with chronic ischaemic left ventricular dysfunction. (Br Heart J 1995;74:358-364) 
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(Br Heart J 1995;74:358-364) Keywords: dobutamine echocardiography; thallium-201 imaging; chronic ischaemic left ventricular dysfunction; revascularisation Differentiation between viable but ischaemic myocardium in patients with severe left ventricular dysfunction due to coronary heart disease, is of major clinical importance for patient management.' It is well known that left ventricular dysfunction due to coronary artery disease increases mortality,2 and that those with a left ventricular ejection fraction of <25% seem to derive the greatest benefit from surgical revascularisation.3 This is presumably because patients with left ventricular dysfunction have significant amounts of viable myocardium that are "hibernating", and revascularisation results in recovery of function in these areas. Some patients, however, have left ventricular dysfunction due to predominantly scar tissue that will not recover after revascularisation, and surgical mortality is high in such patients. 4 It is mandatory therefore to identify patients with potentially reversible dysfunction as these patients will derive most benefit from revascularisation. Positron emission tomography has been considered as the gold standard for the assessment of myocardial viability.5 However Parastemal long and short axes, apical four and two chamber views were obtained. Dobutamine was infused at a rate of 5 ,ug/kg/min followed by 10 ,ug/kg/min with each dose lasting for 5 min, under electrocardiographic and echocardiographic monitoring. Images at rest (basal), 5 ,ug/kg/min, 10 ,ug/kg/min, and 10 min post-infusion were acquired and digitised on line with a R wave trigger to obtain a continuous loop quad screen display using a dedicated computer system (Image View; Nova Microsonics, Mahwah, NJ, USA). Images were stored on VHS videotape, on floppy and optical disks. The left ventricle was divided into 13 segments as described previously ( Carolina, 1982) . This segmentation was based on the 20 segment model proposed by The American Society of Echocardiography, where the apex is considered as one segment. Two septal segments were assessed to match the same division for Tl analysis (W L Henry et al, meeting of the American Society of Echocardiography). Eight of the 13 segments were seen in at least two views, so that it improved identification of individual segments. In the 11 patients who underwent SPECT 207T1 imaging the left ventricle was divided into 12 segments to match the TI SPECT model.
Each segment was assessed for wall thickening in a semiquantitative manner. The degree of wall thickening was graded into five categories, grade 1 being normal and grade 5 dyskinetic. Segments were considered analysable when wall thickening could be identified in at least 50% of the segments. The images were evaluated blind from the digitised quad screen display by two experienced observers. A dysynergic segment was considered to have potentially reversible dysfunction (viable) when there was an improvement in wall thickening in at least two contiguous dysynergic segments, and this was considered to be an indication of retained contractile reserve or reversible myocardial dysfunction. Differences in interpretation were resolved by consensus. 201TI scintigraphy and echocardiography were reported by two separate laboratories without knowledge of the other imaging modality. The individual matching segments were compared for final analysis.
CORONARY ANGIOGRAPHY
All patients underwent coronary arteriography in multiple projections within 2 months of the non-invasive studies. Significant coronary artery disease was identified when there was >50% diameter stenosis in a major epicardial artery and the films were reviewed independently of the non-invasive data.
REVASCUIARISATION
Patients who demonstrated potentially reversible myocardial dysfunction by dobutamine echocardiography or 201fl imaging underwent revascularisation. During revascularisation procedures an attempt was made to revascularise all major epicardial vessels with >50% diameter stenosis independent of the demonstration of myocardial viability. The grafts were performed using intermittent cross clamp fibrillation techniques at 32 5°C. The left internal mammary artery was used to graft the left anterior descending arteries in all patients. Of the 22 patients who had revascularisation, 18 were taking an angiotensin converting enzyme inhibitor, four a calcium channel blocker (nicardipine), and all were receiving long acting nitrates and diuretics before operation. Nitrates and calcium channel blockers were withdrawn in all patients after revascularisation.
Patients who underwent revascularisation were studied at a mean (SD) of 9 ( 1) Concordance between dobutamine echocardiography and rest redistribution 207T1 imaging at 1 h after glyceryl trinitrate administration was better (81%, K = 0-51) than between dobutamine echocardiography and dobutamine T1 imaging (75%, K = 0-47).
In 45 patients 275 segments (48%) were dysynergic at rest, of which 179 (65%) showed improved wall thickening with dobutamine. Of these 179 segments, 172 (96%) showed significant tracer uptake by rest redistribution 201TI imaging at 1 h after glyceryl trinitrate administration. Ninety six segments did not improve during dobutamine infusion. However, 207T1 uptake of at least grade 3 or less was present in 35 (36%) of these 96 segments by rest redistribution 207T1 imaging at 1 h after glyceryl trinitrate administration. An interesting phenomenon was noted when 207T1 images were performed simultaneously with echocardiography after infusion of low dose dobutamine. A defect in 207T1 perfusion was observed in 14 segments (three patients) where, in contrast, wall thickening improved with dobutamine (discordance). When 207T1 was reinjected at rest and after pre-treatment with sublingual glyceryl trinitrate, however, 10 of the 14 segments showed normalisation or improvement in regional perfusion.
There was a good concordance of 82% (K = 0 59) between dobutamine echocardiography and rest redistribution 207T1 imaging at 1 h after glyceryl trinitrate administration for detecting potentially reversible dysfunction and non-reversible dysfunction in the 275 dysynergic segments (table 1) .
Post-revascularisation Revascularisation was performed in 22 patients (21 men of mean (SD) age 61 (12) years) at a mean (SD) of 14 (2) weeks after imaging at the time of this analysis (table 2) . Three patients were in class IV heart failure, 14 in class III and five in class II heart failure. All five patients in class II had angina as the predominant symptom. Fourteen patients had three vessel disease, five two vessel disease and three severe proximal stenosis of the left anterior descending arteries. Mean (SD) (range) left ventricular ejection fraction was 26 (8) (7-39)%. Nineteen patients underwent coronary artery bypass grafting (at least two vessels) and three had coronary angioplasty for left anterior descending coronary disease.
Rest echocardiography was performed at a mean (SD) of 9 (1) weeks after revascularisation. None had clinical evidence of perioperative or post-angioplasty myocardial infarction or restenosis at the time of investigation. Echocardiography in the 22 patients who had revascularisation showed 168 dysynergic segments before intervention and 118 (70%) improved after revascularisation. Table 3 gives the true positive/negative and false positive/negative values for both imaging modalities. Table 4 gives the sensitivity, specificity, and positive and negative predictive values for determining recovery of segments post-revascularisation for each imaging modality.
There was a concordance of 84% (K = 0 63) between dobutamine echocardiography and 207T1 imaging for detecting reversible and non-reversible myocardial dysfunction (table 5) .
We have also assessed the combined strength of the two imaging techniques for detection of potentially recoverable dysfunction. A positive finding was thought to be present when the two methods were combined when either method was positive, however, a lack of viability was thought to be present when both methods were negative. The com- Figure 2 Composite image of a patient with a preoperative ejection fraction of 17%, three vessel disease, and New York Heart Association class IV congestive heartfailure. The top panels of dobutamine and rest redistribution thallium-201 imaging at 1 h after treatment with glyceryl trinitrate show enhanced regions of 201 77 uptake in the anterior, septal, and lateral walls. The lower panel shows echocardiographic images at rest (basal) and low dose dobutamine before surgery and at rest after revascularisation (bottom right). All echocardiographic images are in the short axis at end systole. The basal echocardiogram shows discordance, as there is severe global hypokinesia, but the 20177 image after treatment with glyceryl trinitrate shows significant uptake in the anteroseptal and lateral walls. The dobutamine echocardiogram shows improved wall thickening in the anteroseptal, lateral, and inferior walls (ejection fraction 30%), but not in the inferoposterolateral wall, which shows a matching perfusion defect in the same region with 20177 imaging. After revascularisation the segments which show improved contractility are the antero-septal and lateral walls, which were predicted by 20177 and dobutamine echocardiography. There was no improvement in the inferoposterolateral wall, which was also predicted. The ejection fraction improved to 32%. Note reduced anterolateral perfusion on 20177 imaging during dobutamine infusion despite increased contractility as demonstrated by echocardiography in the same region. Echo, cross sectional echocardiography; GTN, Glyceryl trinitrate; 20177, Thallium-201 imaging; DOB, dobutamine; ANT, anterior; LAO 40, left anterior oblique, LA T, lateral. bined approach gave a sensitivity of 97% and a specificity of 78%. There was no significant difference between sensitivity and specificity obtained by combining the results of two tests compared with those of either test alone.
Of the 22 patients who were revascularised, 18 showed improvement in wall thickening in at least two contiguous dysynergic segments and four patients showed no improvement. Of the 18 who showed an increase in wall thickening, 16 had an improvement in left ventricular ejection fraction by at least 5%, while two showed no improvement. Dobutamine echocardiography before revascularisation correctly predicted improvement in the 18 patients who demonstrated improvement in regional function; however, this technique falsely predicted improvement in two of the four patients who did not show any improvement after surgery. Figure 1 shows the changes in left ventricular ejection before and after revascularisation in the 20 patients who showed regional improvement with dobutamine echocardiography. Mean (SD) left ventricular ejection fraction improved from 27 (8)% to 38 (9)% (P < 0001).
Sixteen patients who showed improvement in left ventricular ejection fraction postoperatively also showed improvement by at least one functional class.
Preoperative 207T1 imaging (rest redistribution at 1 h after glyceryl trinitrate administration) predicted the presence of potentially reversible dysfunction in the 22 patients who had revascularisation. Figure 1 shows the changes in left ventricular ejection fraction before and after revascularisation in the 22 patients considered to have viable or reversible dysfunction by 207T1 imaging. Sixteen of these patients showed improvement by 5% in left ventricular ejection fraction; mean (SD) ejection fraction improved from 26 (8) to 36 (8) (P < 0 005). Figure 2 shows an example of a patient with the combined imaging modalities. 
Conclusion
In patients with severe chronic left ventricular dysfunction due to ischaemic heart disease, low dose dobutamine echocardiography and 207T1 imaging at 1 h after treatment with glyceryl trinitrate have good potential for detecting reversible myocardial dysfunction and predicting recovery of regional left ventricular function after revascularisation. The cost of both techniques is similar. If both methods are available then individual expertise in either technique will ultimately determine the method of choice.
